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Abstract
Mount Sequoyah in Fayetteville, Arkansas, is a part of the Boston Mountains, which are
considered a deeply dissected plateau. The area is prone to mass wasting, which is the general
downslope movement of sediments, soils, and rock through different processes that cause
instabilities along a hillslope, and in its soil and loose rubble mantle. For this study, we looked at
soil creep, which is the small-scale movement of soil downhill because of gravity, wetting and
drying cycles, and heating and cooling cycles.
By measuring the tilt of utility poles, we determined multiple causes of soil creep. The
variables that are believed to affect soil creep are elevation, aspect, and slope insolation. By
measuring these variables, we were able to see that utility poles on higher slopes, and facing
aspects of 160-270°, had higher degrees of tilt than the rest of the population. Over half of the
utility poles had a tilt measurement of 1-3°; however, the mean tilt was 3.9°. The aspects and
slopes of Mount Sequoyah revealed high correlations due to the cyclonic weather patterns as
well. The precipitation and wind patterns may also drive soil creep on the southern facing
slopes.
The locations of slope instability on Mount Sequoyah were identified. Multiple structures
have been built on the mountain over 40-50 years and displayed extensive foundation cracks
possibly due to soil creep. The study revealed where significant areas of instability occurred and
various factors were identified. Findings could be used to determine new building protocols in
order to assure that the buildings remain secure over time due to ascertaining creep factors and
susceptible areas on Mount Sequoyah.
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Chapter 1: Introduction
People usually enjoy living in beautiful places with a view that makes it worth waking up
in the morning. Most of the time, people think the mountains and the ocean have some of the
best views to offer. The potential for views is why in 2010, almost 40% of the United States
population lived on the coasts, and 12% near the Mountains (US Department of Commerce,
2018). With the lovely views, however, there are inherent hazards that people tend to forget
when they build their homes on slopes. For coastlines, there are hazards including hurricanes,
tsunamis, and sea-level rise (Ebert, 2000), and in the mountains, there are landslides, debris
flows, and soil creep.
In Northwest Arkansas, the city of Fayetteville sits among the hills of the Boston
Mountains, mountains prone to the same type of hazards as many other mountainous region.
The Boston Mountains typically develop slumps, where the soil mantle slides down the
mountain often after wet periods. Slumps may also relate to earth flows, which occur at the base
of mountains, where wet soil flows outward in a sludge form. Finally, there is soil creep, which is
the imperceptible movement of soil downhill due to gravity and rain (Ebert, 2000).
Soil creep is an incredibly slow form of mass wasting, with movement occurring as slow
as 9 mm/yr (Kirkby, 1967). Soil creep has many driving factors that cause the soil to move
downhill, but there must be some expansion and contraction within the soil mantle that occurs
(Fig. 1.1). Expansion and contraction is a function of wetting and drying from rain, heating and
cooling from diurnal cycles, and/or freezing and thawing (Savage, 1951; Gabet et al., 2004;
Yetemen et al., 2015). Soil creep occurs when the soil expands, and moves perpendicular to the
slope, and then with contraction, descends the hillslope due to gravity. This movement occurs
over many cycles moving soil grains downhill. However, since it can only move soil grains, it
occurs very slowly (Pawlik and Šamonil, 2018).
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Figure 1.1: Image of how a single grain of soil moves due to soil creep at
first rising orthogonal to the slope then directly descending by gravity.
(Image from British Geological Survey, 2017)

This study will examine how soil creep affects a prominent mountain in Fayetteville,
called Mount Sequoyah, which sits in the middle of Fayetteville overlooking the University of
Arkansas. There are many homes located on the mountain, many since the 1950s. Over 70
years of movement on Mount Sequoyah, some houses have shifted up to 5 m when
implementing the 1 cm/yr average rate espoused by Ebert (2000). The displacement that soil
creep can create is often detrimental to these structures, many considered historic homes in
Fayetteville as well. There is a need to understand how the movement occurs and how quickly it
occurs, and the factors influencing this movement in the hopes of decreasing its hazard and
risk.
2

Telephone poles can be a proxy for measuring the amount of soil creep on Mount
Sequoyah as a surrogate for surface and subsurface downslope movement. Prior research
indicates that any utility pole that has been installed longer than two years should show signs of
tilting as a result of creep. Previous studies indicate the utility poles that sit on steeper slopes
should display a greater degree of tilt than the poles that are sited on lower slopes (Kirkby,
1967). This research plan was designed to explain how soil creep occurs on Mount Sequoyah
and the main driving factors behind this ubiquitous movement.
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Chapter 2: Literature Review
Natural hazards in Northwest Arkansas are attributed to the influences of geology and
climate. The geomorphology of the Ozark Plateau has been altered by the forces of weathering
and erosion in this humid-subtropical regime in producing an uplifted limestone plateau complex
dissected by the extensive stream and river channels (Bretz et al., 1965). The humid-subtropical
zone is defined by hot summers and cold winters, with no specific dry seasons (Kottek et al.,
2006); it is the absence of dry seasons that allows water to continually run through the region’s
rivers and soil mantles. Northwest Arkansas has a wide range of natural hazards that occur;
however, it is flooding and mass wasting events like landslides, creeps, and slumps that
dominate the region (Liao, 2004).
Hillslope processes were the focus of this research because of their pervasive and
fundamental impact on humans. Hillslope movement occurs as broad-scale slumping (meters to
kilometers), to local-scale soil creep (millimeters to meters). Soil creep is the downslope
movement of small particles under the influence of gravity and influencing factors (i.e.,
precipitation, freezing-thawing, vibration) (Ebert, 2000). The process is slow, often with 1-2 cm
of movement per year. However, it can be destructive in many ways: cracking structures and
splitting sites on the moving soil mantle, warping roadways from the slow movement, and
disrupting infrastructure from telecommunication and electrical service lines shifting, tilting, and
snapping. Estimates for the United States Geological Survey have suggested damages
exceeding $5 billion/year attributed to mass wasting alone (Highland, 2002). The potential for
damage from soil creep can be substantial from the slow downhill movement. However
imperceptible soil creep can move and destabilize these structures, poles, roadways, and other
constructions (Savage, 1951), but is often very difficult to quantify because of its slow, gradual
movement.
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2-1: Mass Wasting
Mass Wasting is the general downslope movement of sediments, soils, and rock through
different processes that cause instabilities along a hillslope, and in its soil or loose rubble mantle
(Savage, 1951; Ebert, 2000; Pidwirny, 2006). Loose material on a hillslope is susceptible to
movement and can represent a hazard (Ebert, 2000). The type of mass wasting that occurs in
an area is defined by the makeup of the hillslope and climatic factors.
Northwest Arkansas would be considered part of transitional channel morphology,
defined as mainly single-threaded streams with irregular meanders that occur on moderate
gradients (Fuller, 2007). Northwest Arkansas is a humid climate where transitional stream
morphologies are susceptible to slumps, earthflows, and soil creeps (Easterbrook, 1999).
Slumps occur where some form of undercutting (and often rotation) has occurred along
a hillslope. This undercutting commonly occurs along the outside curve of stream banks.
Roadways can cause the same problem where the gradient of the roadcut is over steepened.
Highway departments attempt to stabilize these by seeding and over grassing. Slump
commonly occurs following heavy or long-term rains. The hillslope above the undercut area is
too heavy and saturated and finally gives way. Slumps occur in soil-mantled regions and usually
do not affect the underlying bedrock (Savage, 1951). However, earthflows and slumps often
occur in the areas. Earthflows occur at the base of hillslopes, where there is at least a foot of
soil in the mantle (Savage, 1951). Once there is enough water in the soil, the bottom of the
slope “pushes up and out to form a convex surface” as movement occurs (Savage, 1951). A
hummocky topography then develops, which resembles a wet and bunched up rug (Fig. 2.1).
The amount of water present is vital for earthflows to occur since they act as inter-particle
lubricants.
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Figure 2.1: Figure showing how slumps transform into Earthflows
(Tarbuck and Lutgens, 1984)

Soil creep is often due to complex set of slow movements that occur on hillslopes
caused by climate (i.e., wetting, drying, freezing, thawing), biota (i.e., root penetration, mantle
accretion), topography, and soil mantle types (Pawlik and Šamonil, 2018). This study focuses
on soil creep; “in a creep-like way as gravitational force imparts a downslope preference to any
physical disruption in the soil” (Heimsath and Jungers, 2013). Soil creep is imperceptible, but
flows are perceptible as manifested features (Pawlik & Šamonil, 2018), such as tilted poles (Fig.
2.2). The imperceptibility of soil creep makes it very difficult to study and quantify. According to
Heimsath and Jangers (2013), when it comes to trying to study soil creep and quantify rates it is
either time-consuming and/or expensive. Soil creep research is imperative to understand the
processes and mechanisms responsible for the alteration, damages, and potential destruction to
hillslope in the hopes of mitigating their effects and decreasing the overall risk of these slowly
moving earth materials.
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Figure 2.2: Damages that can occur because of soil creep and represent
manifestations of mantle movement affecting trees, walls, poles and structures.
(Lyons and Ross, 2015)

2-2: General Controls on Hillslopes
For hillslopes to fail, there needs to be an increase in the shear stress and a decrease in
shear strength: the downslope influence must be greater than the ability of the slope materials
to remain in place. The different controls that can affect the stability of a hillslope are
bedrock/mantle, climate, and topography (Geertsema et al., 2010). The bedrock and mantle
materials of a hillslope are relevant because they affect the build-up of pore pressure in the
7

rock. Increasing pore pressure reduces the shear strength of the bedrock/soil mantle. Once the
pore-pressure builds, the rock material must find ways to attain equilibrium again, which often
occurs through gravity mass-wasting (Gabet et al., 2004).
Climate has been identified as a significant factor in hillslope movement and failure.
Geertsema et al. (2010) found that after significant rainfall events in British Columbia, the
hillslope movement increased dramatically. The magnitude and frequency of rainfall were found
to be essential factors that affected the degree of saturation and oversaturation. Temperature
ranges and fluctuation were additional factors because the changes in temperature cause rocks
to crack and disintegrate through water-based expansion and ice-caused heaving (Harris,
1973). Water expands when freezing, so the distribution of highly fractured rock is widely
understood to reflect areas of water saturated terrains. The expansion of bedrock from wettingdrying and freezing-thawing cycles known as mechanical weathering, is commonplace and is
essentially it is irreversible (Wong and Brace, 1979). The weathering and erosion of rock from
these climatic cycles increased its potential for failure and weakened integrity (Molnar and
England, 1990).
It has also been found that the Sun is an essential control on hillslope stability. Solar flux
is the amount of radiation that reaches a flat surface on any planetary surface (Berger et al.,
1993), The amount of solar radiation that does reach the surface varies from day to day leading
to repetative periods of shrinking and expansion. There is evidence that the amount of solar
radiation received causes soil to creep at different rates (Harris, 1973). Harris stated that the
diurnal heating and cooling of the land can facilitate downslope movement. He investigated the
daily rates of movement that occurred. This research will examine insolation as a potential
factor affecting Mount Sequoyah creep.

2-3: Human Controls affecting Hillslopes
Humans can have a significant impact on hillslopes as they can alter both the
8

topography of a slope and the permeability of its surface and subsurface (Schuster, 1978; Sung
and Li, 2010). Building highways has been found to increase the shear stress by removing the
toe of the slope, which is substantial support for the rest of the up dip hillslope while modifying
permeability. The increased mass from erected structures, or cars driving on a roadway, can
increase the shear stress on a slope, which can exacerbate a failure (Ritter et al., 1995).
Sung and Li (2010) investigated concrete and its effect on increased stormwater
discharge due to decreased permeability in urban settings (i.e. asphalt, sidewalk, concrete).
Steep slopes already have low infiltration rates for stormwater, and concrete then decreases the
permeability rushing from the hillslope unto paved surfaces (Fox et al., 1997). Impermeable
surfaces can focus and direct increased surface runoff into permeable areas, leading to
increased upslope mantle movement and mass-wasting, and downslope flooding and erosion.
Also, road-building can affect hillslope stability because it can (a) increase the weight on
a hillslope or slope toe, and (b) its removed mass from the midslope can create a slope
disequilibrium with the mass redistribution. When building a road, engineers must take into
consideration the factor of safety -- the relationship between shear strength and shear stress on
slope materials (Meltzer, 1907). An understanding of failures that can occur because of humanmade structures is essential for this study because sited structures and roadways can
exacerbate soil creep from its redistribution of slope mass. According to Highland and
Bobrowsky (2008), landslides generally occur on slopes angles of 20°-40°. Soil creep, on the
other hand, typically occurs on shallower slopes of 10°-15° (Kirkby, 1967).

2-4: A Review of Soil Creep Research
In the 19th century, early founders of geological field research, W.M. Davis, and G.K.
Gilbert proposed the idea of soil creep as a slope movement mechanism (Davis, 1892; Gilbert,
1909). After more than 120 years, there are still many defficienties with soil creep research. The
methods used in creep analysis can be considered equivocal and cumbersome. Many techiques
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over the years have been implemented including radiometry that is now used extensively, but
requires the use of a lab and can be prohibitively expensive (Heimsath and Jungers, 2013).
Radiometric dating uses established cosmogenic isotopes that decay over known time. With
past methodologies, the 10Be isotope can be isolated and used to measure the rates of soil
production and transportation (Jungers et al., 2009). The 10Be is found in quartz crystals and is
produced by either in situ or meteoric methods (Lal and Peters, 1967; Brown, 1987). Through
further research, a soil production function was produced that states, “soil production rates
decline exponentially as the soil mantle thickens” (Jungers et al., 2009). In order to conduct
these studies, the lab requires not only the proper equipment but also the funds to run 10Be
testing instruments. Another method for measuring soil creep is the use of
dendrogeomorphology, which uses trees and the type of wood and growth rings they produce
during growth (Pawlik and Šamonil, 2018). This method is also criticized by the fact that we still
need to understand how soil creep affects the growth of trees. The deformation of trees that
occurs during mass wasting events is well-recognized. The idea of being able to look at the
reaction wood after these events occurred is how the field of dendrogeomorphology developed
(Stoffel et al., 2013). Trees that are affected by soil creep or other slow movements will
sometimes develop a peculiar shape called “pistol-butts” or S-curves (Pawlik and Šamonil,
2018). As seen in figure 2.2 above, there is a distinct shape into which the trees grow as they
compensate for the movement of the ground and their root mass. Some reasons why measuring
the reaction of wood to soil transportation might be considered irrelevant is that some scientists
believe that the deformation can occur as the result of phototropism or the wind (Matsuzaki et
al., 2006). It is also important to note that these deformations do not always occur in trees
because the slope might not be significant enough to notice. The disparities in tree deformation
mechanisims is a reason why dendrogeomorphology might not be the best approach to
determining the rates of soil creep.
Using utility poles is relevant as it is very accessible to the public. Utility poles are
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generally located across cities and are usually installed over a long period of time. In many
cases the date of installations is known which is key to determining the rate of change in
addition to the degree of chance. In previous research, fence posts have been measured for the
amount of tilt that occurs, but this research looked at larger structures that have more weight
and are usually installed deeper into the ground. The longevity of the utility poles makes them
ideal as the rate of soil creep can be calculated based on the passage of time and the tilt.

2-5: Innovation in Hillslope Mitigation
Advances are continually occurring that can mitigate hillslope instability both directly and
indirectly. The use of permeable concretes has increased since it is sustainable friendly and
supports the natural hydrology above and below the concrete (Liu et al., 2018). The new
pavement allows for the water to freely percolate where it reaches a base layer (i.e., storm
drain, French drain, gravel) and can continue downslope flow (Coughlin et al., 2012).
Another advancement is through the use of EarthNow. EarthNow is a satellite that uses
optical sensors and provides real-time imagery (Hwang et al., 2018), which will allow for realtime surface imagery of changes within minutes, hours, and days. Satellite imagery can be used
to target specific surface features such as, hummocks and hilltops with en-echelon cracks that
can be identified as indicators of areas where landslides may potentially occur and warrant
future research (Ebert, 2000).
Prior research emphasizes the importance of identifying hillslope movement, rates, and
influences in the hopes of decreasing slope movement and decreasing risk and damages – the
thrust of this proposed research.
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Chapter 3: Study Site
The hill named Mount Sequoyah, allegedly named after the great Cherokee linguist
Sequoyah, lies on the eastern side of Fayetteville, Arkansas. Located at 36°N and 94.15°W, it
faces the hub of Fayetteville with its County Courthouse, bustling downtown, and historic
residential district. The city had a resident population of 73,000 in 2016. Mount Sequoyah is
home to many people in Fayetteville, and it is noticeable from almost anywhere in the city sitting
almost 400 feet above the city. Mount Sequoyah, along with the University of Arkansas’s historic
hilltop building, Old Main, comprise Fayetteville’s two main attractions observable across the
city. There are many trails that hikers and mountain bikers enjoy across and near the Mountain.
Mount Sequoyah lies within the Boston Mountain Plateau which was uplifted in part due to the
Ouachita Mountains Orogenic Uplift. The plateau has been exposed to differential weathering
and erosion, particularly since the end of the last glacial period approximately 20 k.y.a. Mount
Sequoyah and its bedrock/soil mantle is an erosional remnant developed during that time.
The Ozark Mount regions is a physiographic area that crosses over five different states
from Arkansas, Missouri, Oklahoma, Kansas, and Illinois. The type of formation for this land is a
constant debate as the geologists and geographers have argued what to call the Ozarks. The
most appropriate term from the notable physical geographer, Carl Sauer, is that the Ozarks are
a broad highland (1920). Sauer mentioned that to geologists, another common term for the area
is a dome. Because of the weather that Northwest Arkansas receives, the land has been altered
so substantially that it is hard to imagine what this area looked like before the erosion occurred.
According to Sauer, we know that the Ozarks are of one unit of land because “(1) elevation is
generally higher than that of the surrounding regions; (2) greater relief; and (3) general
accordance of summit levels” exist (1920).
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3-1: History
Mount Sequoyah, formerly called East Mountain, until the Methodist Church Assembly
was granted the land in 1922 and changed the name (Fig. 3.1). The mountain was used as a
hunting ground by the Osage and then inhabited by the Cherokee. The first settlers arrived in
the mid-1820s; Fayetteville became the county seat shortly after it was settled in 1828.

Figure 3.1: The view from the Mount Sequoyah Assembly, facing the University of Arkansas
toward the west. To the west the Ozarks slowly decrease in elevation producing broad
dissected plains from dissected highlands and plateaus (photo taken by John Cotroneo)
Fayetteville takes its place in history as a prime location for battles in the Civil War
(Mahan, 1996). In February of 1862, Confederate troops moving south were ordered to destroy
an arsenal located at the Van Horne School, where the First Baptist Church is located at
College and Dickson today. They were ordered to burn everything in their path. The Battle of
Fayetteville was the only major conflict in the area occurring on April 18, 1863. The Confederate
cavalry charged up East Mountain, now Mount Sequoyah, but was stopped by the Union troops.
Most of the battle occurred near Dickson Street and College Avenue and is now called the
“Bloody Corner” (Campbell, 1977).
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Figure 3.2: Mount Sequoyah looking east from Fayetteville on Dickson
Street Street. (Personal Photo)
Mount Sequoyah is the largest mountain in Fayetteville. Peaking at 1707 feet, and rising
400 feet above the rest of the city of Fayetteville (Fig. 3.2). Because of the height of Mount
Sequoyah, the first reservoir tank and water treatment plant in Fayetteville was located on the
West Face of the mountain. It was high enough to provide adequate pressure to reach the top
floors of the five-story Old Main building on the University of Arkansas campus.

3-2: Geology
Mount Sequoyah is a part of the Boston Mountain Complex, which is a highly dissected
plateau in Eastern Oklahoma and Northern Arkansas (Guccione, 1993). The Boston Mountains
are a plateau of highly dissected sedimentary rock. The well-known National River, the Buffalo
is in the Boston Mountains and has the highest peaks in the range, where peaks reach heights
of 2,560 feet. While in Fayetteville, the highest peak is only 1707 feet (Fig. 3.3). It is essential to

14

note that most of the stratigraphic material comprising the Boston Mountains remains unfolded,
while widely faulted and dissected.

Figure 3.3: Geologic cross-section across Mount Sequoyah Assembly and the
surrounding area; with the peak of Mount Sequoyah pictured. (King, 2001)

Mount Sequoyah’s geology is quite simple in that the original (300 m. y. a) strata were
lain horizontally and have remained horizontal, producing a plateau-like summit (Fig. 3.4, King
et al., 2001). There are numerous minor faults in the area that most likely allowed the
stratigraphic units to uplift initially. There are two extensive stratigraphic units on which the city
of Fayetteville is located; the older Mississippian System, and the overlying Pennsylvanian
System (Fig. 3.5).
Starting with the Mississippian System, the oldest Formation is the Boone Formation,
which is a fossiliferous limestone with large quantities of chert. The Boone Formation is
approximately 5-50 m deep (Sullivan and Boss, 2002). The next formation is the Batesville
Formation, which sits on top of the eroded Boone Formation. The Batesville is considered a
sandstone and contains weathered chert material from the Boone (McFarland, 1998). The
Batesville Formation weathers quickly and is considered a slope forming component. Lying atop
the Batesville Formation is the Fayetteville Shale. This shale is a dark gray to black with
organic-rich material (Simonds, 1891), consisting of multiple members: the lower Fayetteville
Shale, the Wedington Sandstone, and the upper Fayetteville Shale (McFarland, 1998). The
15

Wedington Sandstone is a hard, medium-grained, cross-bedded sandstone which is generally
1.5 meters thick. At the top of the Mississippian System is the Pitkin Formation, which is an
oolitic, bioclastic limestone (Tehan, 1976). The Pitkin Formation is highly eroded and is
considered the Mississippian-Pennsylvanian boundary (Handford and Manger, 1990, 1993).

Figure 3.4: Planimetric geologic map of Mount Sequoyah and the surrounding
area. As pictured most of the strata is horizontal (King, 2001)

The basal unit in the Pennsylvanian System is the Hale Formation, which consist of two
members, the Cane Hill Member, and the Prairie Grove Member (Cate, 1962). The Cane Hill
Member contains several lithologic components with a siliceous/calcareous sandstone, siltstone
and sandstone layer, and a medium-grained, siliceous sandstone (Handford and Manger, 1990,
1990; King et al., 2001). The Prairie Grove Member is a thick-bedded, fine to coarse-grained,
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fossiliferous, calcareous sandstone (Handford and Manger, 1990; 1993). The Hale is overlain by
the Bloyd Formation which consists of five different members. The first member is the
Brentwood Limestone Member, which is a crossbedded limestone consisting of quartz sand and
bryozoan fossils (Hoaster, 1996). The Woolsey Member, which is a greenish silty shale. The
Woolsey Member also contains a coal bed called Baldwin Coal, which is approximately 0.2
meters thick (McFarland, 1998). Lying above the Woolsey is the Dye Shale and Kessler
Limestone, which weathers to a soft slope-forming surface (Cate, 1962). The Atoka Formation is
a sequence of marine silty sandstones to shales (Valek, 1999). The oldest member of the Atoka

Figure 3.5: Stratigraphic column of Mount Sequoyah. The Cecil Spiro
represents the summit of Mount Sequoyah (Created by Mac McGilvery)
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is the Trace Creek Shale, which sits on the eroded surface of the Kessler Limestone. The Trace
Creek Shale is a black fissile shale with some thin beds of sandstone (Henbest, 1953).
The Fayetteville Quadrangle, located on the Ozark Dome, is centered in Southeast
Missouri (Croneis, 1930). The dome is quite large; therefore, in the Fayetteville Quadrangle, the
beds generally dip around 5˚. Two significant faults occur in Fayetteville: the Fayetteville Fault and
the White River Fault (Fig. 3.4). The Fayetteville Fault is a normal fault that runs through the center
of the town (King et al., 2001). The Fayetteville Fault is estimated to have approximately 35 m of
displacement along the plane. The White River Fault does not affect the study site as it lies in the
northern portion of the Fayetteville Quadrangle and does not disrupt the beds across or near Mount
Sequoyah.

3.3: Soils
The soils in the Northwest Arkansas support varied agriculture resulting in farming as the
primary use of the land in this area. However, on Mount Sequoyah, it is very different as many
of the soils are still quite young, stony, and undeveloped. In general, the soils located here are
mostly Inceptisols that are minimally developed soils with poor horizonization that develop on
steep slopes and commonly used for forestry. These soils develop because of either too much
water in the soil or the bedrock being too close to the surface. Generally, Inceptisols form in
Mountainous regions. Alfisols are the soils that can be found generally around Northwest
Arkansas and are much more productive and have better fertility for agriculture. Alfisols show
more profile development with some clay accumulations in the subsoil.
The Enders-Leesburg Complex (ErE) forms up to 62% of the Mount Sequoyah soils,
developing on 8-40% slopes (Fig. 3.6). The 'A horizons' seen on the surface are a stony loam,
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measuring 0-2". The water capacity for the ErE is around 6-9”(Soil Survey Staff, 2016). Water
capacity is essential because this can cause runoff and leaching volumes to differ. Pore size
distribution is also a factor in determining water capacity. ErE is considered a young soil

Figure 3.6: Soil Profile of the soil present on Mount
Sequoyah. (Created by Author)
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because the bedrock is the most abundant constituent of this soil. A soil called HectorMountainburg is found at the summit of Mount Sequoyah (Fig. 3.7). A gravelly fine sandy loam
that forms on 3-8% slopes. The A horizon is 0-6” of the gravelly fine sandy loam, and the
unweathered bedrock is most of the soil horizon. This soil has a water capacity of 0-2”. The low
water capacity would indicate high amounts of runoff.
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Figure 3.7: Map of Soil survey of the study area with
an explanation of the soils. (NRCS, 2017)
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3-3: Biology
The Northwest Arkansas area is densely vegetated, with oak trees (Quercus Alba) being
the primary species (Fig. 3.8) (Witsell, 2018). The trees that cover Mount Sequoyah include
20% oak trees, less than 20% are hickory trees, 30% are elm trees, and less than 5% flowering
dogwood trees (Patterson, 2004). Additionally, because of the human population and structures
covering the mountain, there have been more native and non-native vegetation added to the
landscape. Many of the trees covering the mountain produce a canopy reaching 50-80 feet in
many areas.

Figure 3.8: Black Oak tree native to Arkansas
(Photo taken from Casey Trees)

There are a variety of animal species found in Northwest Arkansas ranging extensively
from small sparrows to white-tailed deer. Mount Sequoyah, however, can sometimes lack some
of the varied species because of the urbanization in the area, but it is still possible to see
numerous deer on the mountain. There are a small number of invasive species, but these would
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be mostly in the lakes or on farms. These common invasive species are Zebra Mussels,
Northern Snakehead, and Boll Weevils. There are an estimated 380 bird species that can be
found in Arkansas, with around 40 species found in Northwest Arkansas (James and Neal,
1986). These birds include Ruby-Throated Hummingbirds, Northern Cardinal, and Pileated
Woodpeckers, and have been recorded on Mount Sequoyah.

Figure 3.9: Climograph of Fayetteville weather. Note that there are no dry
spells throughout the year like humid climates. (US Climate Data, 2019)

Köppen’s classification for the climate of Northwest Arkansas is humid-subtropical, which
can sometimes be misleading as Arkansas is humid, but 'subtropical' suggests a mild climate
with little change. However, Arkansas's Mount Sequoyah has four distinct seasons.
Fayetteville’s location between the Gulf of Mexico and the U.S Midwest permits the humid air to
travel freely across the plains to settle onto the highlands of Northwest Arkansas (Buckner,
2016). The average low temperature in January is roughly 26˚F, while the average high is
between July and August at about 89˚ F (Fig. 3.9). Fayetteville receives approximately 45" of
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annual rainfall and 5" of snowfall (US Department of Commerce). The average wind speed is
approximately five mph, with the strongest average winds approaching seven mph in March.
According to data gathered from NASA’s MERRA-2, the predominant wind direction for
Fayetteville is generally from the south all year long (Fig. 3.10, 2017).

Figure 3.10: Percentage of hours where the mean wind direction is in the four cardinal
wind directions for Northwest Arkansas. (Weather Spark, 2016)

The specific site chosen for this study was across the summit of Mount Sequoyah,
around Skyline Drive and the streets that branch from it (Fig. 3.11). These streets surround the
Methodist Assembly -- a relatively flat area at the peak with the exceptions of the ravines and
channels that parallel the roadways and fall-lines. This site represents an excellent location for
study because of its varied aspects, slope angles, accessibility, and consistent geology, while it
also exhibits numerous electric and telecom poles on varied slopes, aspects, and substrates.
Mount Sequoyah was used to examine the soil creep factors, rates, and effects because
it represents a discrete and accessible mountaintop with nearly 360° of aspect, with roads
providing access and structures to assess damages and effects. Many of the mountain’s
structures have known construction dates which help constrain the timing of, foundation cracks,
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tilting poles, and warped roadways. These are often considered strong indicators of soil creep
and make Mount Sequoyah an ideal study site for such a pervasive mass-wasting phenomenon
in the region.

Figure 3.11: Planimetric view of the mapping area. The dots show the utility poles
measured for this study. Isohype lines represent a spacing of 20 ft elevation
change (Morris, 2019)
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Chapter 4: Methodology
The primary focus of this research is to utilize conventional and straightforward
techniques to ascertain the rate of soil creep using standing structures. By measuring the tilt of
telephone poles (of known date of installation) located across Mount Sequoyah, rates of
movement can be related to other environmental factors (i.e., aspect, slope, age). The
telephone poles in this study encompass the circumference of the entire mountain. One
hundred four (104) utility poles were measured for this study.
The basis of this measurement methodology comes from previous studies using flexible
tubes inserted into the mantle with tilt measured over time (Kirkby, 1967; Benedict, 1970;
Anderson and Cox, 1978). This study differs in that we will not be using objects inserted into the
ground, but sited structures like utility poles. Fleming and Johnson (1975) measured fence posts
along with flexible pipes that were installed at least every five years. However, the plan here
was to measure the tilt of human-made structures that have been a part of the landscape for 3050 years. The date of installation was obtained from the power companies, to normalize the
amount of change over time as well – an advantage in this methodology over prior techniques.
A small pilot test of the proposed procedures was conducted in 2017. Those procedures are
listed below. Although the findings were obtuse, the technique was productive. Pilot study
findings suggested minor correlations; however, the small dataset of thirty poles did not include
a variety of mountain aspects, dates, and slopes investigated. Including more aspects, slopes,
mantle depths, and dates of installation were anticipated as producing stronger correlations to
the environmental factors.
Prior research supports the notion that the mantle movement of hillslopes influences
pole tilt (Schumm, 1967); soil movement rates differ with differing slopes. Different variables
have been identified as affecting the rate and tilt of telephone poles. So, aspect was determined
for each telephone pole. The aspect measurement was taken using a Suunto Tandem Pocket
Transit along the fall line: the steepest downslope direction at the pole site. Fleming and
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Johnson (1975) determined that wetting-drying cycles were vital for the soil to creep. Hence,
knowledge of the side of the mountain that the pole was installed was essential in order to
consider variations in wetting and drying that occurs from incoming weather on various locations
around the mountain. Also, the direction of the prevailing winds can affect telephone pole
stability. On diurnal cycles, expansion and contraction occurs due to temperature fluctuations,
but the direction of movement is more random than from wetting and drying (Fleming and
Johnson, 1975).
Another important measurement was the slope at the telephone pole location. The
inclinometer was used to determine the slope measurement following the steepest line (fall line)
from the telephone pole. A larger flat surface was used (150cm panel) to ensure that there was
no error or effect from random obstructions.
Finally, elevation of each telephone pole was measured using a GPS unit. This
measurement was required to make sure the telephone poles selected were within the
predetermined range of elevations (>1500’) as a means of removing that variable of varying
elevation sites. 1500’ was used since it represents the crown of Mount Sequoyah with a full 360
degrees of aspect.
Other variables used for the research were not directly measured but were found
through calculations or prior findings. Solar flux (kWh/m2) was calculated from the aspect and
elevation measurements. These measurements allowed for the greater understanding of the
effects of wetting and drying cycles. Cyclonic Weather patterns were used from outside
sources through the National Weather System, and the National Oceanic and Atmospheric
Associations climate database. Also, Latitude and Longitude were found through the use of a
GPS unit (with accuracy of ±30 feet).
Soil creep is a complex and challenging phenomenon to measure. Pawlik and Šamonil
(2018) pointed out that there are lacunae in our understanding of soil creep. The range in
variables make it difficult to pinpoint the specific one that has the most significant effect. Also,
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the weight of the telephone poles can affect how much movement is occurring – a variable
challenging to assess. Vanwallenghem et al. (2010) measured the mounds of soil that occurred
on the uphill side of olive trees and found a related effect. Prior research can also apply to
telephone poles in our study since a relative mass increase can cause increased movement.
However, in this study, we are unable to determine the pole mass.

4-1: Field Measurements

Figure 4.1: Suunto Tandem Pocket Transit used to measure the tilt,
slope, and aspect measurements. Inclinometer measurements are ±0.2°
and azimuthal measurements are ±2-3°N.

This study used two instruments to complete field measurements: a GPS unit and a
Suunto Tandem Pocket Transit (Fig. 4.1). The measurements were taken during daytime hours
to use the sights in the Suunto device. The latitude and longitude were measured for the
accurate pole locations for GIS cartography at each utility pole. Measured variables included (a)
slope in degrees (°), (b) aspect in azimuthal degrees (0-359°N), (c) elevation in feet, meters, (d)
tilt in degrees from nadir (0-15°), (e) direction of tilt (uphill, downhill), and (f) its related tilt aspect
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in degrees (0-359°N). For this study, the most significant measurement value were noted and
used.
Also, each pole identification plaque was noted: numbers stamped on a copper plate
screwed into each telephone pole. Southwestern Electric Power Company (SWEPCO) was
contacted to determine the installation date for each telephone pole.

4-2: Data Analysis
The measurements of tilt, aspect, elevation, slope, and insolation were entered into an
Excel Spreadsheet for data analysis. Scatterplots were created that compared our dependent
variable of the pole tilt to the independent variables of aspect, tilt to elevation, and tilt to the
slope. After the geospatial analysis was completed, comparisons of tilt to solar influx (kWh/m2)
were made. Using Excel's data analysis tools (i.e., cross-tabulation, pivot tables, regressions),
correlations and P/T-tests were used to reveal relationships between the variables. Clusters
were identified. For example, the rate of soil creep was found to be sinusoidal in relationship to
the inclination of the hillslope (Schumm, 1967).
For each mapped utility pole, insolation measurement was calculated using the points
solar radiation tool. This tool uses a hemispherical viewshed algorithm developed by Rich et al.
(1994). The total global solar radiation is the combination of direct and diffuse radiation for any
location. Latitude and aspect are used to calculate the radiation at each location for the whole
year in kWh/m2 (a conventional solar flux unit).

4-3: Geospatial Analysis
A geospatial database of values was created in ArcMap. The Arkansas GIS Office had
multiple datasets open to the public. An imported Digital Elevation Model (DEM) was used to
compare our field measurements to the measurements found in the DEM. The DEM and various
spatial analyses will divulge any possible correlations and relationships.
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ArcMap’s spatial tools were implemented, with the most relevant tools, including slope
and aspect tools (Burrough and McDonnell, 1998), both located in the Spatial Analyst toolbox.
After converting the DEM to a Triangulated Irregular Network (TIN), the application of the spatial
tools began. The aspect tool identified the direction of the steepest slope in a face and identified
it with a color according to the direction that it faces. The slope tool calculated the maximum
slope for a given cell. The aspect and slope tools both fit a plane using a 3x3 cell grid to
determine the measurement for each cell. After the data analysis was completed, the correlation
values were used to interpret the highest hazardous areas. The location of each pole was then
plotted into the data frame to see if there were any visual correlations between the aspect and
slope.
Raster calculations followed to create a hazard map by assessing the Elevation, Aspect,
and Slope that were confirmed. With these correlations, a map of weighted overlays of the
different rasters was created. First, based on the results, Elevation, Aspect, and Slope rasters
were reclassified to areas deemed important after the data analysis. After the reclassification,
the Weighted Overlay tool was used to combine the three reclassified rasters layers. The
chosen weights were based on the amount of correlation between the tilt of the telephone poles
and the other variables. The Weighted Overlay tool created a suitability site model on where
new building projects would need to take higher consideration into making sure the structures
are secure.

30

Chapter 5: Results
Field methods are integral to determining how soil creep affects standing structures.
These research data were used to compare the effects of soil creep on the different pole
measurements of each site. At each site, measurements were taken, including tilt, slope,
aspect, and elevation. In this study, 104 telephone poles were measured. The locations of the
poles did not cover the whole mountainside of Mount Sequoyah since many areas do not have
utility poles installed. Ideally, the distribution of the utility poles would not restrict all
environmental factors, however, this study could only include installed poles, which did not
cover the uninhabited areas of Mount Sequoyah since the poles were installed alongside
roadways.

Figure 5.1: Pivot Table r2 values between the study variables.

The tilt of the telephone poles did not consistently correlate in a significant way to any
single variable thus indicating a multiple variable influence and possible polygenetic factors. The
most significant correlation found was between tilt and aspect of the mountain (3.3%). The least
significant correlation was between tilt and elevation (0.9%). Figure 5.1 shows that all the
variables showed correlation to some degree. The correlation between solar insolation and
aspect has the highest significant correlation but are autocorrelated. Three utility poles sites
were deemed as outliers with a tilt more than the rest of the population. The locations of the
three outlier poles were located at 733 Lighton Trail, 707 East Rodgers Drive, and 292 Wesley
Road; these pole locations were examined in more detail.
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Figure 5.2: Count of tilt measurements of the utility poles.
(n=104)
In this study, the majority of tilt measurements were less than 7.5° from vertical (Fig.
5.2). The majority (77%) of the utility poles had a tilt of 1-5°. The poles sampled had 51% of tilt
of 1-3°. Only one of the poles had a tilt of 8°. The outlier telephone poles had tilt measurements
of 11- 12°. The telephone company installs the utility poles as close to 0° as possible (± <1°).
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5-1: Tilt compared to Elevation
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Figure 5.3: Graph Representing Tilt and Elevation. Cluster present at 1600-1700 ft and 2-4°
of tilt.

When looking at the tilt and elevation, the data revealed that there was little or no
significant correlations, however clustering is evident at 1600-1700 ft elevation and 2-4° tilt (Fig.
5.3). The data showed trends at higher elevations, with 40% of the utility poles located between
1649 and 1698 feet. The mean tilt at the pole sites was 3.9°. Three outlier utility poles have
elevations between 1541 and 1610 feet, with 29% of the utility poles sited within the same range
of elevation (1541-1610). The elevation was essential for this study since elevation and slope
tend to correlate to one another with hillslopes (Davis, 1892). One would expect to see more soil
creep occurring along mid-slope, which is also the location of the three outliers.
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5-2: Tilt compared to Slope
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Figure 5.4: Graph representing Tilt and Slope. Cluster present at 5-15° slope and 2-6° tilt.
The correlation between tilt and slope again showed that there was no significant
correlations although clustering between 5-10° slope and 2-6° tilt was evident (Fig. 5.4). The
data did not correlate strongly (3%). The majority of the utility poles fell below a slope of 15°.
The data revealed that 35% of the utility poles were sited on slopes between 5° and 10°.
Roughly 25% of the sampled poles were sited on slopes greater than 15°. The mean tilt of the
poles sited between 5-10° was 11.2°. Four utility poles were considered outliers on slopes
steeper than 25°. The four outlier poles had slope measurements between 3° and 30° and
represented diverse slope angles. There was however, a small positive correlation between
slope and tilt. The correlation revealed that as the slope increased, the tilt also increased – an
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observation made by (Kirkby, 1967).

5-3: Tilt compared to Aspect
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Figure 5.5: Graph of Tilt and Aspect. Cluster present at 70-120°N and 2-6° of tilt.

Aspect values were modified so that the aspect measurements lie between 0° and 180°
north for better statistical analysis (Paradise, 2002). With this alteration, we must understand
that data mirroring occurred for values that were sited between 180° and 360° north. Tilt and
aspect were not significantly correlated but developed a minor positive correlation. Minor
clusters existed between 2-6° of tilt and 70-120° North (Fig. 5.5). Most of the telephone poles
were located between 63° and 121° North aspects — 54% of the population from 92° to 180°
south. The four outlier data points were within 127° to 139° north. The strong incoming cyclonic
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wind of Fayetteville prevail from this direction. 12% of the utility poles were sited within the same
range as the outlier pole locations. Relationships between incoming winds and rains from
cyclonic fronts are common in the region and were found correlated to greater pole tilting
indicating a potentially causal relationship of prevailing precipitation and/or wind to increased
pole tilt.

5-4: Tilt compared to Solar Influx
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Figure 5.6: Graph of Tilt and Insolation. Cluster present at 1375-1475 kWh/m2 and 2-5° tilt.

Solar flux was found to influence slope movement (Abrahams, 1986), so insolation was
calculated for each pole location using latitude, slope angle, and aspect, using the solar
constant in these calculations (Paradise, 2002). Insolation measurements were calculated
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between 1300-1500 kWh/m2; although relationships were revealed, no significant correlation
between tilt and insolation was found (Fig. 5.6). The average insolation value was 1404 kWh/m2.
These data have an observable cluster between 2-5° of tilt and 1375-1475 kWh/m2. One outlier
point with lower insolation than the rest of the population, since it is located on the northeastern
most portion of the mountain. Insolation associated with this one pole was calculated at 1208.27
kWh/m2, with 29% of the pole site incident solar flux at 1360-1398 kWh/m2. Over half of the
poles were estimated to receive roughly 1398 kWh/m2. Four outlier poles had insolation values
between 1407.83 and 1474.72 kWh/m2, with 39% of the utility poles located within the same
range as the four outlier points.

5-5: Tilt compared to Age
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Figure 5.7: Graph of tilt and years since installation. Cluster present for 48-60 years of
installation and 2-6° tilt.
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For the installation date data (and period exposed), not all poles had recorded
installation dates, and so these data had 91 out of the 104 data points (Fig 5.7). The relationship
of date of installation of the telephone poles to tilt had a small positive correlation (4% or
r2=0.04). There was a cluster of poles installed around fifty years ago in 1970. The tilt
measurements ranged from 1 to 11.5 for a 1970 installation. Overall, the older the utility poles,
the higher the measured tilt. 47% of the utility poles were installed 45-59 years ago (19751961). The two outliers poles had installation dates of 50 years ago (1970). There was then a
gap in installation of almost ten years between 1980 and 1989. The oldest utility pole was
installed in 1954 and had a tilt of 6°.

5-6: Slope Compared to Aspect
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Figure 5.8: Graph of Slope and Aspect. Cluster present at 70-120° N and 5-15° slope.
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The variables were then determined as independent and dependent variables. This chart
allowed us to see if the different variables had influences on the hillslope that could not be
determined with the tilt measurements alone. When comparing slope to the aspect, there was
an almost 10% correlation between the two variables indicating a greater influence in affecting
soil creep in tandem than individually (Fig. 5.8). There was a positive correlation between the
measurements of 70-120° north and 5-15° of slope. The more southerly facing slopes had
higher degrees of slope (steeper) than the other faces. Again, the measurements used for
aspects were altered only to include the aspect measurements between 0° and 180° north for
better statistical analysis (Paradise, 2002). This mirroring permitted correlation since aspects
ascent to South (180°N) then onto North (360°N). For solar correlation or influences to southern
faces, such data mirroring is conventional since full azimuthal correlations would cancel any
relationships beyond 180°N (Fig. 5.9).

Figure 5.9: Diagram explaining the method used to mirror the aspect
measurements for better correlation. (Created by Thomas Paradise)
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Chapter 6: Discussion
There were weak correlations found between the tilt of the poles and the various study
variables of slope, aspect, elevation, and solar flux. There were also no significant clusters that
might signify variable associations are evident, however, clustering was visually apparent in the
scatterplots (Figures 5.5, 5.6, 5,7, 5.8) The amount of scattering in the results may indicate that
there was a possibility that the methods are equivocal (Heimsath and Jungers, 2013) with
influences being polygenetic (Pearce and Elson, 1973).
The results confirmed that movement did occur along with the various conditions on
Mount Sequoyah. Methods and variables implemented in the study indicated that we cannot
isolate the primary factor causing or influencing creep. Since the poles do tilt over time, it
confirmed that sited structures on Mount Sequoyah will eventually move as well (Fleming and
Johnson, 1975). Fleming and Johnson’s prior research in California indicated that over a 10 to a
15-year period, that some of the poles tilted to angles upward of 20°. The difference between
this study on Mount Sequoyah and Fleming and Johnson’s study (1975), however, was that the
bedrock is horizontal on Mount Sequoyah, while dipping 45-55° in their study (Fleming and
Johnson, 1975).

6-1: Elevation
When one examined at the elevation measurements, the tilt of the utility poles occurred
at every measured elevation. The smaller clusters that occurred from 1650 to 1710 feet showed
that there were many measurements just inside of this region. The relief at the top of Mount
Sequoyah is flat. Since this area is flat, it would mean that there were more measurements
taken at this one elevation. Also, Mount Sequoyah has a large residential population at the top
of the mountain. There are approximately 30 homes located on the top along Skyline Drive. The
number of homes on the top of the mount would explain the oversaturation of data between the
1650 and 1700 feet elevation points.
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Also, elevation was most likely not a very significant variable since it referred to the
amount of material that can ideally be introduced into the system and not the amount of slope
that might drive soil creep (Culling, 1963). One would expect to see more soil creep towards the
steepest parts of a slope, and according to Figure 5.3, the highest degree of tilt occurred in the
middle levels of the study site’s elevation; a movement that might occur because of the
horizontal bedrock. The soil movement rates in this study did not concur with the rates of soil
creep determined in past studies (Pawlik and Šamonil, 2018). Moreover, the soil might have
exhibited an increased active porosity, which allowed for more movement (Culling, 1963).

6-2: Slope
The 3% significant relationships of slope measurements to tilt revealed that soil creep
was related to slope. The small positive correlation revealed that as the mountain slope
increased, then the tilt increased. According to Figure 5.4, the cluster that occurred from 0° to
10° of slope was most likely due to the top of the hill being well inhabited; there was a larger
number of measurements taken there. Upon examining the data cluster, the tilt occurred at all
different levels. The type of soil that was present might have affected the rate of movement as
well possibly guiding future research.
By examining the measurements between the slope and aspect, the significance of that
correlation was most likely due to the incoming cyclonic weather patterns that occur in
Fayetteville. Over time the soil is washed away and is transported downhill. The soil movement
here would be faster than soil creep without as many wetting drying or heating/cooling cycles.
The southern facing poles are the only poles where there was a significant correlation between
slope and tilt is almost 24% (r2=0.24). It is, unfortunately, difficult to test if this is evident for most
of the measurements since there are few south-facing poles on Mount Sequoyah (n=17). Most
of the Southern edge of Mount Sequoyah is not occupied or built on, which is most likely
because the slope is too steep for buildings to be erected.
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6-3: Aspect
Due to the incoming cyclonic front-related weather (i.e. wind, precipitation), aspect
measurements were an important variable that could control the rate of soil creep. Even though
it reveals a small positive correlation (3%), the direction that the slope faces is essential to
understanding how much tilt might occur. It was discovered that most tilt occurs on the
southern-facing slopes. It was also found that prevailing precipitation was from this direction.
The bedrock was not the reason that more soil creep occurred on the southern facing slope as
all of the bedrock is horizontal (Handford and Manger, 1990). However, the soil that is
developed on top of Mount Sequoyah commonly washes downslope when there are heavy
winds and rain facilitating entrainment and transportation.

6-4: Solar Insolation
The majority of telephone poles in this study roughly received the same amount of
sunlight across the whole mountain. It was difficult to determine if the incoming solar radiation
had any influence over the amount and rate of soil creep. The data clusters that occurred
between 1320 and 1488 kWh/m2 faced the same direction on Mount Sequoyah, however, they
did not have the same solar flux measurements since they did not lie in the same proximity.
Moreover, all of the poles covered a small area of the map, and therefore each pole had similar
latitudes. Since latitude along with aspect are the two measurements that are taken into account
when calculating the solar insolation there was little distinction between these data points (Rich
et al., 1994).
One would expect to see higher insolation values correlating to more significant degrees
of tilt. In the Northern Hemisphere, the northern faces support more plant vegetation, and this
slows down the process of soil creep (Yetemen et al., 2015), so the pole locations with higher
insolation would be facing the southwest and ideally influence faster soil creep. When one
examined this small range of data, it became evident that there was a strong positive correlation
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between the amount of solar insolation and tilt.

6-5: Year of Installation
The installation of the poles was an indicator of the rate of soil creep on Mount
Sequoyah. There is about was 4% correlation (r2=0.04) between the amount of tilt and years
since the installation. The tilt compared to years since installation was correlated however it
would be difficult to infer a reasonable rate for soil creep. The more tilt occurred with the older
poles. The correlation jumped to 6% (r2=0.06) for the poles examined on the south side of the
mountain. Most of the poles on the south side of the mountain were installed about 50 years
ago.

Figure 6.1: Figure showing how tilt allowed us to understand how much
movement had occurred below the surface using the utility poles as a proxy.
(Created by Thomas Paradise)
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The correlation between the years since installation and the amount of tilt can be used to
determine an estimated rate of soil creep (Fig. 6.1). When using trigonometric analyses, this
study found that the soil creep ranged from 0.07 in/year (1.7 mm/year) to 0.27 in/year (6.9
mm/year); near the accepted overall rates of soil creep at ~1 cm/year (Kirkby, 1967). This rate is
lower than previous studies, but it is considered within the normal range for the degree of
movement. With horizontal rock beds, this could be a reason why the rate somewhat less than
previously determined. Also, the amount of dissection that has occurred in the Boston
Mountains could indicate that Mount Sequoyah is currently at a state of equilibrium and does
not exhibit a lot of creep movement (Fernandes and Dietrich, 1997).

6-6: The Effect of Weather on Utility Poles
In this study, it was found that incoming mid-latitudes cyclonic weather patterns had a
substantial impact on the rates of soil creep, especially in Arkansas. Mid-latitude winds typically
prevail from the west and the south. In Table 5.1, we see that the correlation between aspect
and slope was significant at around 10% (r2=0.10), suggesting that the incoming weather
influences the slope of the mountain through deposition and erosion and rate of soil creep. The
correlation between tilt and aspect was found to be around 3% (r2=0.03), which was the
strongest correlation for tilt. There was a positive correlation between tilt and aspect, which
suggested that as the aspect neared 180°N, or south-facing, the tilt became greater. This
association suggested that the incoming weather influenced the tilt of the telephone poles. It is
difficult to say whether this correlation was due to the soil mantle movement, or if it was the wind
pushing the utility poles since the poles were predominantly tilted away from incoming winds
(Fig. 6.2).
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Figure 6.2: Windrose diagram representing wind speed and the direction.
Prevailing weather patterns are 160-200°N (Created by Tom Paradise, with
data from N.W.S, 2019)

Also, insolation was found to be an essential part of the prevailing climate patterns on
Mount Sequoyah. The insolation values correlated directly with the aspect values since aspect
dictates solar flux calculations. The insolation spatial analysis tool in ESRI ArcMap uses the
aspect measurements to calculate the insolation at a given location with latitude (Rich et al.,
1994). The amount of Sun that any location receives is vital for wetting and drying, and heating
and cooling cycles (Harris, 1973). These cycles are known to exacerbate slope movement
(Abrahams, 1986). Insolation values used here were for the annual totals for insolation on
Mount Sequoyah. Insolation calculations considered the annual cloud cover but did not include
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the trees, leaf, and canopies shade for Mount Sequoyah.

6-7: Case Study of Outlier Utility Poles
There were three utility poles that were considered outliers from the remaining
population in this study (Fig. 6.3). The location of these are (a) 733 Lighton Trail, (b) 707 East
Rodgers Drive, and (c) 292 Wesley Road (Fig. 3.11). The Wesley Road location exhibited the
highest elevation at 1693 ft. and the lowest pole has an elevation of 1541 ft on Lighton Trail. All
three poles were installed 50 years ago. These poles have much greater tilt angles (>10°) then
the rest of the poles (<9°) – the larger sample. Each utility pole was located on a southern
aspect of Mount Sequoyah. The solar insolation was closely correlated with the aspect
measurements, and therefore the insolation measurement of the poles cluster around 1375
kWh/m2.
Address

Date

SWEPCO#

292 Wesley Road

1970

14473

Tilt
Angle
11

733 Lighton Trail
707 Rodgers
Drive

c. 1970

22012

1970

21999

Elevation

Aspect

Slope

Solar flux

1610

221

30

1369.412

12

1541

153

21

11382.322

11.5

1570

233

3

1366.859

Figure 6.3: Table of the outlier pole measurements.

Since each pole is located on the southern side of Mount Sequoyah, the extreme tilt of
approximately 12° could be attributed to the cyclonic wind patterns and rain, as explained in
prior discussions. Also, the greater insolation on southern aspects could cause accelerated
expansion and contraction cycles that exacerbate the welling and contraction of the soil mantle
– known to facilitate creep (Heimsath et al., 2002). During the wintertime’s colder temperatures
cycles, the southern side of the mountain freezes more frequently, longer duration, and great
magnitudes creating greater particle and mantle heaving and expansion. While during the late
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autumn and early spring more frequent cycling between frozen and thawed conditions
exacerbate mantle and soil particle movement as well.
With these three extreme tilted poles (~11.5°), the rate of movement would be
approximately 0.61 in/year based on modeling on Mount Sequoyah (see Figures 6.1 and 7.4).
Such a soil creep rate would be the fastest calculated for downslope movement of a soil mantle
in this region. A 20’ utility pole with an annual movement of 0.5-0.7mm would manifest as a pole
tilt difference of 48in for a tilt of 11°-12°, which follows right along with the model in Figure 6.1
Although in this study, these 3 poles (installed 50 years ago) were considered outliers, they may
actually represent the maximum effects of hillslope variables identified in this study. What is
confounding here is that these maximum tilts should be related to relatively steep slopes.
However, since the Rodgers Drive pole was situated on a relatively flat slope (3°), this may
support speculation that prevailing weather patterns of precipitation and wind may influence
pole tilt more than slope since it faced directly into the path of prevailing cyclonic front weather
patterns (Fig. 6.2).

6-8: Limitations and Further Research
There were limitations to the research that might account for the low correlations in the
data. First of all, for future work all utility poles should be measured. The measured telephone
poles in this study occurred mostly in the southeast quadrant of the mountain. There were poles
located on the northern part of the mountain, but not as many located on the eastern side since
there is a nature reserve located across the mountain. There would be a better possibility for
variables correlating to tilt and a stronger factor revealed in facilitating creep if a greater number
of poles could be measured.
Methods could be improved by using different instruments to get more accurate
measurements of differing variables. When measuring the tilt of the telephone poles and the
47

slope of the hillside, it would be best to use a digital inclinometer that produced more significant
figures. When examining tilt measurements with the pocket transit, many values are duplicated.
Using an instrument that could lock into a measurement and show significant values with more
accurate measurements (0.00), there might better correlations revealed.
Another measurement that could be improved is elevation. Using a GPS device like a
Garmin Handheld Unit that had a barometric altimeter inside would be beneficial. The
barometric altimeter allows for more accurate elevation measurements than the iOS GPS app
used in this study. The most significant problem with the elevation measurements was that the
instrument is only accurate to within one hundred feet. After inputting the locations of the utility
poles in the geospatial system, one was able to determine more accurate elevation
measurements since Google Earth is connected to a datum. If future research is conducted,
researchers should make sure the GPS unit has the most accurate measurements that are
available with at least 2-4 significant digit accuracys.
The methods used involved taking three measurements for the three different axes of
movement that could occur for tilt along the fall line and flanking that fall line. For example, one
measurement was taken at 180°, one taken at 135°, and one taken at 225°. The greatest tilt
was the only measurement recorded in this study (± 2 degrees). For future research, 3-5
different directions of tilt measurements should all be recorded and compared to each variable,
possibly at 10-15° intervals. The direction of tilt along the fall line might not have the most
significant amount of movement that can be measured.
With more accurate tilt measurements, a time-series experiment could be conducted to
examine movement over time. A time-series study would be time-extensive as we know that soil
movement only occurs on a centimeter/year scale (Ebert, 2000). So, this would mean that the
time series measurements could only occur monthly or semi-annually. The goal would be to
determine baseline change, as a control to the measurements completed in the following year.
Ideally, we would identify the rate of change. Hopefully, the change would be in tilt increasing,
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but it could become less since installation processes could be another factor or influence.
Another study of focus could be to examine the southern faces of Mount Sequoyah.
Fence posts (or installed orthogonal poles) could be inserted into the ground in areas where
telephone poles are absent. The population of southern facing poles is currently meager, so in
order to see if the incoming weather drives soil creep, we would need to take more
measurements on the southern side of the mountain facing cyclonic weather patterns.
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Chapter 7: Conclusions and Implications
Mount Sequoyah overlooks the heart of Fayetteville, Arkansas, and is a prominent
landmark visible from all across the city. The mountain is home to many residents and
subsequentially, has many homes and structures on its crest and sides. The long and relatively
flat-topped Mountain was shaped by thousands of years of weathering and erosion that have
dominated the Ozark Plateau (Sauer, 1920). The degree of erosion that occurs on the mountain
means that many of the homes have the potential to move because of downslope movement of
soil. Therefore, it was essential in this study to find a proxy to better understand how much and
why the soil is moving as creep.

Figure 7.1: View from Mount Sequoyah looking at the University of
Arkansas (Personal Photo)
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Soil creep is the downhill movement of soil on any surface with a slope as low as 3° (or
6%) (Ebert, 2000). The need to study soil creep is great because it can cause substantial
damage to homes, roadways, water towers, and other structures. It is challenging to perceive
any downslope movement by surface inspection alone. The application of analyses such as the
tilt analysis of utility poles presented in this study illustrate a more quantitative approach to this

Figure 7.2: Tilting utility poles on Company Drive on Mount
Sequoyah (Personal Photo)
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problem. The importance of studying soil creep developed in the 1960s as people like Kirkby
(1967) measured the rates of soil creep by inserting small poles in the ground to measure how
they moved over time. There are now more accurate yet expensive ways to measure soil creep
with new technology including cosmogenic isotopes (Brown, 1987; Granger et al., 2013), but
determining rates using common structures like utility poles is very effective for various

Figure 7.3: Maps showing the maximum, minimum, mode and mean tilts
for Mount Sequoyah. (Created by Tom Paradise)
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locations, budgets, and purposes.
This study conducted fieldwork to measure the tilt of the utility poles and to measure how
the setting may affect the telephone poles through time. In addition to tilt, other measurements
taken at each utility pole included slope, elevation, aspect, and solar insolation. After the data
collection, the use of statistical correlations (coefficients of correlation and determination) were
used to analyze these relationships. The data were then mapped to reveal how the process of
soil creep occurred on Mount Sequoyah, and the interaction and influence of the various
environmental factors.
This analysis revealed trends as to how tilt could be used as a proxy for soil creep. The
slope and aspect at each utility pole site, had the most significant influences on soil creep. The
correlation between pole tilt and aspect was determined to be positive; the most tilt occurred on
the south-facing slopes of the mountain (Fig. 7.3). The southern-facing (135-225°N) side of
Mount Sequoyah had utility poles with the strongest correlation between tilt and slope. The
positive correlation between tilt and slope suggested the highest slopes have the highest degree
of tilt, and consequently the most significant amount and/or rate of soil creep (Figure 7.4).

Figure 7.4: diagram showing the amount of soil creep that happens
at different slopes on Mount Sequoyah. (Created by Tom Paradise)
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Structural damage could be observed on various structures on Mount Sequoyah.
Foundational cracks were observed in many homes. Structures exhibited the soil washing
downhill leaving gaps between the lowering mantles and structure foundations. Fortunately for
the homeowners, there is a minimal risk of a landslide occurring that would carry their home
down the side of the hill as observed in areas of California and elsewhere. This is because the
bedrock is horizontal, thinner soil mantles, and no known active faulting that could exacerbate
movement or damage.
From this study, it is suggested that on Mount Sequoyah and the surrounding mountains
of Fayetteville; policies should require building standards that ensure structures remain intact
and stable for as long as possible. First, if new structures are to be built, it would be advisable
not to build new structures on the Southern-facing slopes of the mountain unless extra
engineering precautions are taken (discussed below). Prevailing weather patterns were also
found to exacerbate soil creep thus causing more structural damage. However, this is rarely
plausible as the southern side of Mount Sequoyah has fantastic views and represents some of
the most desirable and costly home lots in town. Therefore, it would be recommended that
future building projects integrate the following engineering practices:
o

Build the foundation, reinforcement, revetments, and any support stilts
directly into the bedrock (at least to one meter).

o

Good drainage is crucial around the house so that the soil does move or is
not eroded from underneath (i.e. French drains, weeps).

o

Buildings exceeding three stories should be restricted as the prevailing winds
might also cause movement and strain the foundation.

o

Curbs should be added to the southern (downhill) side of the streets to keep
the water from initiating sediment wash-out from properties.

Moreover, these findings indicate that soil creep on Mount Sequoyah is polygenetic; it is
difficult to identify one primary driving factor. The tilt of the telephone poles revealed that soil
creep does occur and at a rate influenced by slope, precipitation, wind, wetting/drying cycles,
and various construction practices. With soil creep rates identified between 2-20 mm/year, some
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poles have rotated up to one meter over fifty years. With more extensive studies on the effects
of weather and topography on soil creep, we may be able to ensure which building practices are
used to increase the stability on new construction on Mount Sequoyah and to increase the
overall safety practices, all in the hopes of decreasing structural damages and its associated
costs and consequences to residents on Mount Sequoyah.
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Appendix A
All photos by Author

SWEPCO 307, Address: 1109 Skyline Dr., Date installed: 6/19/2019, Tilt: 4°,
Elevation: 1700 ft, Aspect: 80°, Slope: 3°, Solar Influx: 1407.8 kWh/m2
62

SWEPCO 608, Address: 868 Skyline Dr., Date installed: 1967, Tilt: 7°, Elevation: 1710 ft,
Aspect: 92°, Slope: 9°, Solar Influx: 1465 kWh/m2
63

SWEPCO 3537, Address: 704 Skyline Dr., Date installed: 1967, Tilt: 2.5°, Elevation:
1700 ft, Aspect: 94°, Slope: 15°, Solar Influx: 1469.9 kWh/m2
64

SWEPCO 4887, Address: 532 N Sequoyah Dr., Date installed: 1976, Tilt: 1°, Elevation:
1680 ft, Aspect: 15°, Slope: 6°, Solar Influx: 1329.6 kWh/m2
65

SWEPCO 5448, Address: 505 N Sequoyah Dr., Date installed: 1971, Tilt: 3°, Elevation:
1610 ft, Aspect: 92°, Slope: 221°, Solar Influx: 1402.1 kWh/m2
66

SWEPCO 5981, Address: 120 Skyline Dr., Date installed: 1970, Tilt: 5.5°, Elevation:
1690 ft, Aspect: 291°, Slope: 10°, Solar Influx: 1399.1 kWh/m2
67

SWEPCO 11937, Address: 809 Lighton Trl., Date installed: 1967, Tilt: 6°, Elevation:
1542 ft, Aspect: 255°, Slope: 12°, Solar Influx: 1450 kWh/m2
68

SWEPCO 11938, Address: 738 Lighton Trl., Date installed: 1954, Tilt: 6°, Elevation:
1677 ft, Aspect: 187°, Slope: 22°, Solar Influx: 1426.6 kWh/m2
69

SWEPCO 13731, Address: 856 Skyline Dr., Date installed: 1967, Tilt: 7°, Elevation:
1650 ft, Aspect: 15°, Slope: 11°, Solar Influx: 1367.1 kWh/m2
70

SWEPCO 14473, Address: 292 Wesley Rd., Date installed: 1970, Tilt: 11°, Elevation:
1610 ft, Aspect: 221°, Slope: 30°, Solar Influx: 1369.4 kWh/m2
71

SWEPCO 14477, Address: 109 Skyline Dr., Tilt: 3°, Elevation: 1659 ft, Aspect: 279°,
Slope: 3°, Solar Influx: 1461 kWh/m2
72

SWEPCO 14478, Address: 111 Skyline Dr., Date installed: 1969, Tilt: 1.5°, Elevation:
1650 ft, Aspect: 274°, Slope: 22°, Solar Influx: 1369.4 kWh/m2
73

SWEPCO 16583, Address: 608 Sequoyah Dr., Date installed: 6/18/2008, Tilt: 3.5°,
Elevation: 1686 ft, Aspect: 275°, Slope: 6°, Solar Influx: 1488.3 kWh/m2
74

SWEPCO 17891, Address: 141 Fletcher Dr., Date installed: 1964, Tilt: 2°, Elevation:
1510 ft, Aspect: 287°, Slope: 0°, Solar Influx: 1334 kWh/m2
75

SWEPCO 18354, Address: 339 Assembly Dr., Date installed: 1971, Tilt: 3°, Elevation:
1660 ft, Aspect: 293°, Slope: 2°, Solar Influx: 1391.8 kWh/m2
76

SWEPCO 19900, Address: 405 Sequoyah Dr., Date installed: 1972, Tilt: 6°, Elevation:
1660 ft, Aspect: 249°, Slope: 6°, Solar Influx: 1391.8 kWh/m2
77

SWEPCO 20742, Address: 111 Skyline Dr., Date installed: 1970, Tilt: 2°, Elevation:
1670 ft, Aspect: 246°, Slope: 14°, Solar Influx: 1481.3 kWh/m2
78

SWEPCO 21999, Address: 707 Rodgers Dr., Date installed: 1970, Tilt: 11.5°, Elevation:
1570 ft, Aspect: 233°, Slope: 3°, Solar Influx: 1366.9 kWh/m2
79

SWEPCO 22000, Address: 519 E Center St., Tilt: 1.5°, Elevation: 1538 ft, Aspect: 280°,
Slope: 6°, Solar Influx: 1414.1 kWh/m2
80

SWEPCO 22012, Address: 733 Lighton Trl., Tilt: 12°, Elevation: 1541 ft, Aspect: 222°,
Slope: 18°, Solar Influx: 1382.3 kWh/m2
81

SWEPCO 24210, Address: 598 Skyline Dr., Date installed: 1969, Tilt: 2°, Elevation:
1670 ft, Aspect: 153°, Slope: 21°, Solar Influx: 1386.8 kWh/m2
82

SWEPCO 25703, Address: 100 Summit Ave., Date installed: 1960, Tilt: 4.5°, Elevation:
1581 ft, Aspect: 233°, Slope: 3°, Solar Influx: 1416.1 kWh/m2
83

SWEPCO 25785, Address: 135 Skyline Dr., Date installed: 12/1/2018, Tilt: 5.5°, Elevation:
1690 ft, Aspect: 252°, Slope: 2°, Solar Influx: 1448.9 kWh/m2
84

SWEPCO 26407, Address: 1031 Rebecca St., Tilt: 6°, Elevation: 1596 ft, Aspect: 272°,
Slope: 10°, Solar Influx: 1417.7 kWh/m2
85

SWEPCO 26569, Address: 808 Skyline Dr., Date installed: 1967, Tilt: 4°, Elevation:
1700 ft, Aspect: 83°, Slope: 19°, Solar Influx: 1332.8 kWh/m2
86

SWEPCO 26812, Address: 850 Skyline Dr., Date installed: 1967, Tilt: 1°, Elevation:
1720 ft, Aspect: 90°, Slope: 15°, Solar Influx: 1444.1 kWh/m2
87

SWEPCO 28147, Address: 1000 Skyline Dr., Date installed: 1979, Tilt: 4°, Elevation:
1700 ft, Aspect: 355°, Slope: 4°, Solar Influx: 1469.7 kWh/m2
88

SWEPCO 29993, Address: 1041 Rockwood Dr., Tilt: 3°, Elevation: 1547 ft, Aspect: 286°,
Slope: 12°, Solar Influx: 1441.9 kWh/m2
89

SWEPCO 30946, Address: 540 Sequoyah Dr., Tilt: 4.5°, Elevation: 1561 ft, Aspect: 289°,
Slope: 5°, Solar Influx: 1472.2 kWh/m2
90

SWEPCO 30948, Address: 524 Sequoyah Dr., Tilt: 4°, Elevation: 1550 ft, Aspect: 246°,
Slope: 5°, Solar Influx: 1399.9 kWh/m2
91

SWEPCO 32066, Address: Texas Way., Date installed: 1970, Tilt: 4°, Elevation: 1510 ft,
Aspect: 246°, Slope: 5°, Solar Influx: 1403.6 kWh/m2
92

SWEPCO 32898, Address: 112 Fletcher Dr., Date installed: 1990, Tilt: 5°, Elevation:
1500 ft, Aspect: 266°, Slope: 16°, Solar Influx: 1437.2 kWh/m2
93

SWEPCO 73535, Address: 210 Oklahoma Way., Date installed: 1959, Tilt: 5°, Elevation:
1630 ft, Aspect: 270°, Slope: 9°, Solar Influx: 1357.5 kWh/m2
94

SWEPCO 74019, Address: 111 Fletcher Dr., Date installed: 1990, Tilt: 4°, Elevation:
1510 ft, Aspect: 246°, Slope: 5°, Solar Influx: 1388.3 kWh/m2
95

SWEPCO 74740, Address: 747 Lighton Trl., Date installed: 1992, Tilt: 1°, Elevation:
1620 ft, Aspect: 189°, Slope: 11°, Solar Influx: 1387.7 kWh/m2
96

SWEPCO 74977, Address: 72 Oklahoma Way., Date installed: 2002, Tilt: 2.5°, Elevation:
1620 ft, Aspect: 257°, Slope: 16°, Solar Influx: 1330.6 kWh/m2
97

SWEPCO 74978, Address: 601 Skyline Dr., Date installed: 1990, Tilt: 4.5°, Elevation:
1680 ft, Aspect: 226°, Slope: 13°, Solar Influx: 1377.4 kWh/m2
98

SWEPCO 77376, Address: 1001 Company Dr.., Date installed: 1989, Tilt: 2°, Elevation:
1668 ft, Aspect: 264°, Slope: 8°, Solar Influx: 1329.6 kWh/m2
99

SWEPCO 78960, Address: 117 Skyline Dr., Date installed: 1994, Tilt: 2.5°, Elevation:
1660 ft, Aspect: 276°, Slope: 12°, Solar Influx: 1432 kWh/m2
100

SWEPCO 79764, Address: 120 Skyline Dr., Date installed: 1992, Tilt: 2.5°, Elevation:
1700 ft, Aspect: 286°, Slope: 12°, Solar Influx: 1424.2 kWh/m2
101

SWEPCO 79774, Address: 748 Texas Way, Date installed: 1992, Tilt: 1°, Elevation:
1610 ft, Aspect: 253°, Slope: 16°, Solar Influx: 1460.7 kWh/m2
102

SWEPCO 79982, Address: 598 Skyline Dr., Date installed: 1970, Tilt: 2.5°, Elevation:
1700 ft, Aspect: 286°, Slope: 12°, Solar Influx: 1343.8 kWh/m2
103

SWEPCO 82835, Address: 745 Sequoyah Dr., Date installed: 1998, Tilt: 3°, Elevation:
1663 ft, Aspect: 303°, Slope: 3°, Solar Influx: 1371.1 kWh/m2
104

SWEPCO 82836, Address: 668 Sequoyah Dr., Tilt: 4°, Elevation: 1680 ft, Aspect: 300°,
Slope: 16°, Solar Influx: 1482.5 kWh/m2
105

SWEPCO 84880, Address: 107 Skyline Dr., Date installed: 1994, Tilt: 3°, Elevation:
1650 ft, Aspect: 342°, Slope: 20°, Solar Influx: 1353.8kWh/m2
106

SWEPCO 84925, Address: 1022 Trust., Date installed: 1977, Tilt: 6°, Elevation: 1650 ft,
Aspect: 239°, Slope: 7°, Solar Influx: 1416.1 kWh/m2
107

SWEPCO 84926, Address: 508 Sequoyah Dr., Date installed: 1994, Tilt: 3°, Elevation:
1670 ft, Aspect: 240°, Slope: 10°, Solar Influx: 1387 kWh/m2
108

SWEPCO 84928, Address: 135 Skyline Dr., Date installed: 1970, Tilt: 3°, Elevation:
1690 ft, Aspect: 271°, Slope: 11°, Solar Influx: 1440.1 kWh/m2
109

SWEPCO 84933 Address: 112 Fletcher Dr., Date installed: 1970, Tilt: 5.5°, Elevation:
1680 ft, Aspect: 235°, Slope: 20°, Solar Influx: 1412 kWh/m2
110

SWEPCO 84963, Address: 898 Rodgers Dr., Date installed: 1998, Tilt: 5°, Elevation:
1560 ft, Aspect: 180°, Slope: 17°, Solar Influx: 1394.2 kWh/m2
111

SWEPCO 90401, Address: 598 Skyline Dr., Date installed: 1970, Tilt: 1°, Elevation:
1675 ft, Aspect: 163°, Slope: 14°, Solar Influx: 1321.4 kWh/m2
112

SWEPCO 90402, Address: 598 Skyline Dr., Date installed: 1969, Tilt: 6°, Elevation:
1677 ft, Aspect: 187°, Slope: 14°, Solar Influx: 1447.6 kWh/m2
113

SWEPCO 90403, Address: 515 Skyline Dr., Date installed: 1970, Tilt: 6.5°, Elevation:
1690 ft, Aspect: 220°, Slope: 22°, Solar Influx: 1400.5 kWh/m2
114

SWEPCO 90404, Address: 515 Skyline Dr., Date installed: 1970, Tilt: 5.5°, Elevation:
1690 ft, Aspect: 252°, Slope: 2°, Solar Influx: 1384.7 kWh/m2
115

SWEPCO 90409, Address: 828 Skyline Dr., Date installed: 1967, Tilt: 5°, Elevation:
1700 ft, Aspect: 114°, Slope: 13°, Solar Influx: 1452.6 kWh/m2
116

SWEPCO 90410, Address: 629 Skyline Dr., Date installed: 1967, Tilt: 3°, Elevation:
1700 ft, Aspect: 139°, Slope: 15°, Solar Influx: 1447.9 kWh/m2
117

SWEPCO 90469, Address: 701 Rodgers Dr., Date installed: 1992, Tilt: 1°, Elevation:
1600 ft, Aspect: 310°, Slope: 30°, Solar Influx: 1370.6 kWh/m2
118

SWEPCO 91984, Address: 745 Sequoyah Dr., Tilt: 5°, Elevation: 1650 ft, Aspect: 281°,
Slope: 16°, Solar Influx: 1420.3 kWh/m2
119

SWEPCO 91985, Address: 1100 Rockwood Dr., Date installed: 1994, Tilt: 5°, Elevation:
1551 ft, Aspect: 314°, Slope: 2°, Solar Influx: 1415.3 kWh/m2
120

SWEPCO 91998, Address: 612 Sequoyah Dr., Date installed: 1972, Tilt: 1°, Elevation:
1670 ft, Aspect: 266°, Slope: 7°, Solar Influx: 1401.9 kWh/m2
121

SWEPCO 109148, Address: 1022 Trust Dr., Date installed: 2/6/2009, Tilt: 3°, Elevation:
1640 ft, Aspect: 270°, Slope: 8°, Solar Influx: 1387.1 kWh/m2
122

SWEPCO 231776, Address: 555 Sequoyah Dr., Date installed: 2/6/2009, Tilt: 3°,
Elevation: 1685 ft, Aspect: 283°, Slope: 6°, Solar Influx: 1433.7 kWh/m2
123

SWEPCO 321571, Address: 793 Lighton Trl., Date installed: 5/17/2018, Tilt: 1°, Elevation:
1567 ft, Aspect: 249°, Slope: 6°, Solar Influx: 1387.5 kWh/m2
124

SWEPCO 326709, Address: 135 Skyline Dr., Date installed: 12/1/2018, Tilt: 1.5°,
Elevation: 1710 ft, Aspect: 264°, Slope: 7°, Solar Influx: 1270.1kWh/m2
125

SWEPCO 326718, Address: 718 Skyline Dr., Date installed: 12/1/2018, Tilt: 3°, Elevation:
1660 ft, Aspect: 269°, Slope: 25°, Solar Influx: 1406.1 kWh/m2
126

SWEPCO 326720, Address: 100 Skyline Dr., Date installed: 12/1/2018, Tilt: 3°, Elevation:
1559 ft, Aspect: 27°, Slope: 20°, Solar Influx: 1379.2 kWh/m2
127

SWEPCO 326721, Address: 110 Skyline Dr., Date installed: 12/1/2018, Tilt: 4°, Elevation:
1650 ft, Aspect: 40°, Slope: 22°, Solar Influx: 1421.6 kWh/m2
128

SWEPCO 326728, Address: 627 Skyline Dr., Date installed: 6/19/2019, Tilt: 3°, Elevation:
1700 ft, Aspect: 179°, Slope: 11°, Solar Influx: 1425.2 kWh/m2
129

SWEPCO 326780, Address: 100 Skyline Dr., Date installed: 12/17/2018, Tilt: 1°,
Elevation: 1620 ft, Aspect: 189°, Slope: 11°, Solar Influx: 1454.9 kWh/m2
130

SWEPCO F93002, Address: 122 Skyline Dr., Date installed: 6/7/2007, Tilt: 6°, Elevation:
1542 ft, Aspect: 255°, Slope: 12°, Solar Influx: 1389.6 kWh/m2
131

SWEPCO F93427, Address: 578 Sequoyah Dr., Date installed: 2008, Tilt: 3°, Elevation:
1687 ft, Aspect: 261°, Slope: 11°, Solar Influx: 1366.9 kWh/m2
132

SWEPCO 2767, Address: 1148 Rex Dr., Date installed: 4/1/1963, Tilt: 3°, Elevation:
1587 ft, Aspect: 258°, Slope: 19°, Solar Influx: 1425.2 kWh/m2
133

SWEPCO 8403, Address: 376 Williams Dr., Date installed: 1967, Tilt: 7°, Elevation:
1690 ft, Aspect: 111°, Slope: 9°, Solar Influx: 1380.7 kWh/m2
134

SWEPCO 10403, Address: 364 Assembly Dr., Date installed: 1971, Tilt: 2°, Elevation:
1600 ft, Aspect: 310°, Slope: 6°, Solar Influx: 1380.6 kWh/m2
135

SWEPCO 10412, Address: 449 Assembly Dr., Date installed: 1960, Tilt: 4°, Elevation:
1550 ft, Aspect: 246°, Slope: 17°, Solar Influx: 1465.1 kWh/m2
136

SWEPCO 10414, Address: 465 Assembly Dr., Tilt: 3°, Elevation: 1540 ft, Aspect: 261°,
Slope: 7°, Solar Influx: 1208.3 kWh/m2
137

SWEPCO 10415, Address: 503 Assembly Dr., Date installed: 1960, Tilt: 2°, Elevation:
1550 ft, Aspect: 255°, Slope: 5°, Solar Influx: 1375.6 kWh/m2
138

SWEPCO 15585, Address: 300 Williams Dr., Date installed: 1967, Tilt: 1°, Elevation:
1680 ft, Aspect: 15°, Slope: 6°, Solar Influx: 1383.3 kWh/m2
139

SWEPCO 74183, Address: 432 Assembly Dr., Tilt: 7°, Elevation: 1590 ft, Aspect: 253°,
Slope: 22°, Solar Influx: 1396.1 kWh/m2
140

SWEPCO 82055, Address: 519 Assembly Dr., Date installed: 1997, Tilt: 3°, Elevation:
1540 ft, Aspect: 301°, Slope: 6°, Solar Influx: 1435.6 kWh/m2
141

SWEPCO 82886, Address: 334 Sequoyah Dr., Date installed: 1971, Tilt: 5°, Elevation:
1630 ft, Aspect: 308°, Slope: 6°, Solar Influx: 1476.8 kWh/m2
142

SWEPCO 82887, Address: 1148 Rex Dr., Date installed: 1967, Tilt: 3°, Elevation: 1542 ft,
Aspect: 286°, Slope: 17°, Solar Influx: 1415.1 kWh/m2
143

SWEPCO 90261, Address: 339 Assembly Dr., Date installed: 1971, Tilt: 3°, Elevation:
1600 ft, Aspect: 302°, Slope: 6°, Solar Influx: 1486.2 kWh/m2
144

SWEPCO 90283, Address: 583 Assembly Dr., Date installed: 1961, Tilt: 3°, Elevation:
1520 ft, Aspect: 310°, Slope: 10°, Solar Influx: 1297.4 kWh/m2
145

SWEPCO 90284, Address: 401 Assembly Dr., Date installed: 1989, Tilt: 7°, Elevation:
1580 ft, Aspect: 244°, Slope: 14°, Solar Influx: 1381.5 kWh/m2
146

SWEPCO 90407, Address: 304 Williams Dr., Date installed: 1967, Tilt: 4°, Elevation:
1690 ft, Aspect: 28°, Slope: 8°, Solar Influx: 1465.5 kWh/m2
147

SWEPCO 90408, Address: 276 Williams Dr., Date installed: 1980, Tilt: 7°, Elevation:
1690 ft, Aspect: 111°, Slope: 9°, Solar Influx: 1407.7 kWh/m2
148

SWEPCO 252024, Address: 521 Assembly Dr., Date installed: 7/16/2009, Tilt: 5°,
Elevation: 1530 ft, Aspect: 296°, Slope: 7°, Solar Influx: 1439 kWh/m2
149

SWEPCO 326705, Address: 310 Williams Dr., Date installed: 12/1/2018, Tilt: 2.5°,
Elevation: 1680 ft, Aspect: 295°, Slope: 8°, Solar Influx: 1387.7 kWh/m2
150

SWEPCO 326707, Address: Wiliams Dr., Date installed: 12/1/2018, Tilt: 5.5°, Elevation:
1690 ft, Aspect: 25°, Slope: 6°, Solar Influx: 1488.1 kWh/m2
151

SWEPCO 309889, Address: 555 Company Dr., Date installed: 7/29/2015, Tilt: 1°,
Elevation: 1684 ft, Aspect: 260°, Slope: 10°, Solar Influx: 1412.9 kWh/m2
152

SWEPCO F97958, Address: 525 Assembly Dr., Date installed: 11/4/2009, Tilt: 2°,
Elevation: 1520 ft, Aspect: 271°, Slope: 3°, Solar Influx: 1380.6 kWh/m2
153

Not pictured:
SWEPCO 1888, Address: 938 Rodgers Dr., Date installed: 1970, Tilt: 4°, Elevation: 1580 ft,
Aspect: 175°, Slope: 3°, Solar Influx: 1474.7 kWh/m2
SWEPCO 4123, Address: 810 Skyline Dr., Date installed: 1967, Tilt: 2°, Elevation: 1700 ft,
Aspect: 92°, Slope: 7°, Solar Influx: 1488.1 kWh/m2
SWEPCO 11940, Address: 733 Lighton Trl., Date installed: 1959, Tilt: 6°, Elevation: 1596 ft,
Aspect: 272°, Slope: 10°, Solar Influx: 1474.7 kWh/m2
SWEPCO 21980, Address: 500 Sequoyah Dr., Date installed: 1971, Tilt: 4°, Elevation: 1680 ft,
Aspect: 237°, Slope: 14°, Solar Influx: 1386.9 kWh/m2
SWEPCO 30186, Address: 884 Skyline Dr., Date installed: 1979, Tilt: 5°, Elevation: 1690 ft,
Aspect: 80°, Slope: 8°, Solar Influx: 1343.1 kWh/m2
SWEPCO 30411, Address: 150 Skyline Dr., Date installed: 1970, Tilt: 3°, Elevation: 1710 ft,
Aspect: 200°, Slope: 16°, Solar Influx: 1407.4 kWh/m2
SWEPCO 30412, Address: 621 Skyline Dr., Date installed: 1967, Tilt: 4°, Elevation: 1700 ft,
Aspect: 239°, Slope: 23°, Solar Influx: 1295.4 kWh/m2
SWEPCO 84941, Address: 203 Oklahoma Way, Tilt: 3.5°, Elevation: 1600 ft, Aspect: 264°,
Slope: 7°, Solar Influx: 1439.2 kWh/m2
SWEPCO 86989, Address: 844 Rodgers Dr., Date installed: 1993, Tilt: 8°, Elevation: 1580 ft,
Aspect: 189°, Slope: 16°, Solar Influx: 1412 kWh/m2
SWEPCO 89088, Address: 250 Kestrel Dr., Date installed: 2002, Tilt: 2°, Elevation: 1466 ft,
Aspect: 102°, Slope: 3°, Solar Influx: 1385.9 kWh/m2
SWEPCO 89089, Address: 1417 Tanager Rd., Date installed: 2002, Tilt: 3°, Elevation: 1453 ft,
Aspect: 99°, Slope: 3°, Solar Influx: 1391 kWh/m2
SWEPCO 90259, Address: 562 Sequoyah Dr., Date installed: 1976, Tilt: 1°, Elevation: 1697 ft,
Aspect: 270°, Slope: 5°, Solar Influx: 1343.4 kWh/m
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